The overgrowth of plasma cells in multiple myeloma is associated with a unique abnormality in the synthesis of protein. Abnormal components occur in the sera of patients with this disease, sometimes in sufficient amount to produce hyperproteinemia, and the majority excrete Bence Jones protein in the urine.
The relation between plasma cell proliferation and the production of the abnormal proteins, and the relation of the serum components to Bence Jones protein have been obscure. The degree of hyperproteinemia and the amount of Bence Jones protein excreted in the urine vary greatly in patients who appear to have equally progressive and anatomically extensive disease. Large amounts of abnormal protein have been present in the sera of patients with, as well as without, Bence Jones proteinuria, and vice versa. The anomalous serum and urinary proteins vary from patient to patient in electrophoretic mobility, solubility in salt solution, molecular weight and antigenicity (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) .
It has been suggested that the serum increments in multiple myeloma, especially those with gamma globulin characteristics, may represent antibodies to Bence Jones protein (12) . On the other hand, the serum components, which are produced in all likelihood by the abnormal plasma cells (9, 13) may represent a perversion in the normal processes of globulin production (14) (15) (16) . As to the origin of Bence Jones proteins, compounds of such relatively small molecular size are readily excreted by the kidney (17, 18) . Large concentrations have not been found in the serum (5) . Bence Jones proteins could possibly be derived from the abnormal serum constituents, since the latter have a molecular size about three to six times as great 1 Supported by a grant from the American Cancer Society upon recommendation of the Committee on Growth of the National Research Council. 2 Damon Runyon Clinical Research Fellow. (3, 5, 12) , if the latter were to disintegrate or be split into protein moities filterable through the glomeruli. An additional possibility should not be overlooked, namely, that the proliferating plasma cells might produce more than one type of abnormal protein.
A series of 30 patients with multiple myeloma have been studied, many of them as the activity of their disease was suppressed by therapy and later as relapse occurred, in the investigation of these problems.
MATERIALS AND METHODS
Sera were collected and studied by electrophoresis using barbital buffer at pH 8.6 as previously described (9, 19 ).
Urine specimens were tested for the presence of protein with 20% sulfosalicylic acid. When proteinuria was present, 24-hour collections of urine were made under toluene at room temperature and the specimens stored at 40 C. The total protein content was determined by the precipitation method previously described (9) . Qualitative tests for Bence Jones protein included 1) testing the protein at a concentration of 0.1-0.4% for coagulation below 600 C. at pH 5.5 in urine or, after electrophoretic separation, diluted in 0.9% NaCl solution, and 2) testing for solubility at 100°C. followed by reprecipitation on cooling. To demonstrate solubility of the protein at the boiling temperature further acidification with acetic or nitric acid was usually necessary. To purify and concentrate urinary proteins for physico-chemical studies, the refrigerated urine specimens were decanted to remove inorganic precipitates and pooled into suitable quantities. The pH was adjusted to 5.5 with acetic acid and ammoniurr sulfate slowly added to a final concentration of 60% saturation. The supernatant fluids gave negative tests for protein with sulfosalicylic acid after the salt precipitation. The protein precipitate was separated off by centrifugation and dialyzed at 5-80 C. against water until essentially free of ammonium ion. The protein solutions were stored in a frozen state if not used at once. Electrophoretic analyses of the urine proteins were carried out as for the serum specimens.
Diffusion studies of the serum and urinary proteins were made in the Tiselius apparatus in which boundaries were recorded by the method of crossed slits described by Svensson. At the conclusion of the electrophoresis runs, if large peaks of suitable dimension were present, as in Figure 1 , the current was turned off and photographs taken at intervals of six to 12 hours. A minor degree of boundary asymmetry was sometimes present. The photographs were enlarged and drawn. The peak boundaries and base lines were drawn through the vertical midpoints of the Philpot-Svensson patterns.
Three formulae, incorporating the maximum ordinate and the maximum ordinate-area methods, were used for calculating diffusion rates (20 Diffusion rates were calculated from the average of the three methods for both the ascending and descending sides of the electrophoretically separated protein components. The two values were averaged. D20ow was calculated by correcting the observed diffusion rate for the influence of temperature and the relative viscosity of the barbital buffer, 1.065 (Neurath [20] (9, 26, 27) . Her serum contained an abnormal component of gamma mobility that fluctuated from 4.0 to 1.4 gm. per 100 cc. as the activity of her disease was modified by urethane therapy. During a relapse 18j months after the initial treatment, the gamma protein concentration in her serum was 3.0 gm. per 100 cc. (Table I, T745 ). The Bence Jones protein excretion at this time was 2-3 gm. per day. Four months later the serum component was reduced to 1.4 gm. per 100 cc. and the proteinuria to 0.3-0.5 gm. During subsequent relapses gamma protein increased to 2.7 and 3.6 gm. per 100 cc. and the urinary protein ranged from 6-10 gm. per day. Inulin and p-aminohippurate clearance studies on three occasions showed moderate impairment of renal function (28) .
Electrophoretic studies of the protein from pooled urine specimens collected during the ninth and l9th-24th months of observation showed an almost pure homogeneous protein (Figure 1, T925 (27) . There was no nitrogen retention. Proteinuria was heavy but the quantity excreted per day was not determined.
An abnormal gamma component with a mobility of 1.5 was present in the serum in a concentration of 0.9 gm. per 100 cc. Almost all of the urinary protein on electrophoretic analysis was one homogeneous component. Its mobility was approximately that of the gamma increment in the serum. In the ultracentrifuge the urinary protein sedimented as one homogeneous component. From the diffusion and sedimentation measurements its molecular weight was calculated at nearly 52,000.
Case 18. J. D., C60817. This 58 year old colored farmer with extensive skeletal disease and mild anemia had a serum protein concentration of over 9.0 gm. per 100 cc. with an abnormal gamma component of 3.8-4.4 gm. (9) per 100 cc. His urine contained little or no protein.
Inulin and p-aminohippurate clearance studies showed moderate impairment of renal function (28) .
The gamma protein separated from the serum electrophoretically sedimented in the ultracentrifuge as a single component. The molecular weight was calculated at 146,500.
Case 19. E. W. S., C61008. This 42 year old physician developed, in a period of six months, several areas of myelomatous skeletal destruction. His serum contained an abnormal gamma component amounting to 1.8 gm. per 100 cc. (9, 27) . Only minute traces of protein were present in the urine. Clearance studies showed normal renal function (28) . Gamma protein, separated from the serum electrophoretically, sedimented in the ultracentrifuge as a single component, S2'0w = 6.44.
Case 20. B. K. H., C63673. This 28 year old student had been ill with fever and severe anemia for six months. Before therapy his serum contained 13.9 gm. of protein per 100 cc. of which 8.4 gm. were an abnormal gamma component. Proteinuria ranged from 0.6-0.9 gm. per day (9) . During a remission of his disease that lasted for several months, the gamma component in the serum fell to 1.0 gm. per 100 cc., and the urine became free of protein.
During a fatal exacerbation of the myeloma following meningitis he developed hypercalcemia but had no nitrogen retention. Gamma protein in the serum at this time rose to 6.0-4.9 gm. per 100 cc., and the proteinuria to 1.5-2.0 gm. per day.
Gamma protein was separated from the serum electrophoretically on two occasions and studied in the ultracentrifuge in concentrations of 0.89% and 0.71%. Only a single homogeneous component could be identified, S20 w = 6.49 and 6.57. The molecular weight calculated from the diffusion and sedimentation values was about 152,000.
Electrophoretic study of the urinary protein, excreted during the final episode, showed a mixture of which nearly half was a component with virtually the same mobility as that of the abnormal serum constituent (Table I and Figure 7 ).
The urinary protein mixture was studied in the ultracentrifuge at a concentration of 2.0 gm. per 100 cc. The S20,w of the major urinary component was 2.96. The gamma component of the urinary protein, removed after electrophoresis, sedimented as a homogeneous component, S'OW = 3.16. The molecular weight was calculated at about 33,000 (Table I) .
At necropsy there was round cell infiltration and some hemorrhage in all the tissues. Round cell infiltration and calcinosis were present in the kidneys but there were no outstanding glomerular or tubular lesions.
Case 22 . E. Z. F., C66471. This 57 year old farmer, disabled with back pain for four months, was admitted to the hospital after two to three weeks of rapidly progressive weakness, nausea, vomiting and confusion (27) . X-ray films of the skeleton showed demineralization with compression of the 2nd and 4th lumbar vertebrae. The hemoglobin was 8.1 gm. per 100 cc. Bone marrow aspirated from the sternum contained 70% abnormal plasma cells. The blood NPN was 55, serum calcium 13.3 and phosphorus 5.1 mg. per 100 cc. The serum protein concentration was 6.0 gm. per 100 cc. He was given 220 gm. of urethane in a period of two months with only slight benefit.
He died five months after the diagnosis of multiple myeloma was made.
Two electrophoretic analyses of the serum showed an abnormal gamma component with a mobility of 1.8-1.6 present in a concentration of 0.7-1.2 gm. per 100 cc. (Table  I . This 69 year old farmer had had severe weakness, anorexia, occasional nausea and vomiting, and pain about his trunk, spine and hips for four to six months. Examination on admission to the hospital showed him to be undernourished, chronically ill and uncomfortable due to skeletal pain. There was pronounced tenderness of all the superficial bones.
Blood studies showed a normochromic, normocytic anemia, with hemoglobin reduced to 9.0 gm., and a leucopenia of 2,500-2,000. Marrow aspirated from the sternum and iliac crest contained 10-20% abnormal plasma cells.
X-rays of his skeleton showed generalized demineralization and indefinite areas of osteolytic destruction. The NPN was 35 (Figure  3, T909) . Gamma protein, separated from the serum electrophoretically, sedimented in the ultracentrifuge with a single sharp boundary, S2ew -6.52.
Electrophoretic study of the urinary protein showed that 92% was a homogeneous component of mobility 1.6 (Figure 3, T900) Case 4. S. J. C., C28643. This patient's illness was studied for a period of over two years (9, 26) . His serum contained an abnormal "M" component with an electrophoretic mobility of 2.2-2.4. During his first relapse its concentration was 2.8 gm. per 100 cc. (Table I) . Bence Jones proteinuria ranged from 20-22 gm. per day. After urethane administration the serum component fell to 2.3-2.5 gm. per 100 cc. and the proteinuria about 50%.
Inulin and p-aminohippurate clearance studies at this time showed virtually normal renal function (28) .
After urethane therapy had to be suspended late in the course of his illness, the abnormal serum component fell to 1.0 gm. per 100 cc. and the proteinuria to 0.25-0.5 gm. per day (9) . The urinary protein was studied by electrophoresis on two occasions. Over 90% of it was a single component with a mobility of 4.1. When this protein was added to the serum a new boundary was produced, faster in mobility and well separated from the "M" component ( Figure 4) .
The diffusion rate of the abnormal component in the serum, D'20,w = 4.9, was comparable to that of high molecular weight proteins in other patients (Table I ).
The urinary protein sedimented as one component in the ultracentrifuge. Its molecular weight was calculated at nearly 37,000. Case 6. J. C., C27868. This patient, whose illness began with spinal cord compression by a plasmacytoma, has been observed for more than three years (9) . An abnormal component with a mobility of 1.9 was present in his serum in a concentration as high as 1.4 gm. per 100 cc. No protein was detected in the urine at any time. The renal clearance of infused inulin and p-aiminohippurate one year after the onset of his disease was normal (28) .
Case 8. C. K., C44556. This 40 year old colored male was admitted to the hospital after four to six months of increasingly severe back pain. On physical examination he was suffering from generalized bone pain, underweight, and acutely ill. A normochromic, normocytic anemia was present with hemoglobin reduced to 8.2 gm. per 100 cc. Marrow from different sites contained 25-90% abnormal plasma cells. X-ray films of the skeleton showed demineralization and multiple osteolytic lesions in the skull, ribs, vertebrae, and proximal femurs. The NPN was 31 mg., calcium 15.0 mg., phosphorus 2.5 mg. and alkaline (28) .
He died suddenly four weeks after admission. Autopsy showed widespread myeloma. There was precipitated protein in the renal tubules and degenerative changes in the tubular epithelium.
Electrophoretic study of the serum showed an abnormal component with a mobility of 2.4 present in a concentration of 8.6 gm. per 100 cc. The urine contained 0.3 gm. of protein per 24 hours which gave positive Bence Jones coagulation tests. Electrophoretic study of the urine protein showed a mixture of which 70% was a component with a mobility of 4.0 (Figure 7) . Case 9. M. J. W., C35338. This 53 year old woman with chronic back pain of six months' duration had roentgen evidence of severe skeletal demineralization but no anemia (27) . The bone marrow contained 11% abnormal plasma cells. The urine contained up to 0.2 gm. protein per day. Inulin and p-aminohippurate clearance studies showed little impairment of renal function (28) .
Electrophoretic study of the serum showed an extremely small "M" component, mobility 2.6, present in a concentration of 0.4 gm. per 100 cc. Electrophoretic study of the urinary protein showed a mixture, of which 70% was a globulin component with a mobility of 3.1.
Case 12. C. M. M., C51009. This 77 year old farmer had been ill for five years before his hospital admission on December 29, 1948 . His presenting complaints related to destruction of several cervical vertebrae (27) . His hemoglobin was 12.8 gm. per 100 cc. The sternal bone marrow contained over 60% abnormal plasma cells. There was no nitrogen retention. The phenolsulfonphthalein dye was excreted poorly, 20% in the first hour and 10% in the second hour. Inulin and p-aminohippurate clearance studies showed severely impaired renal function (28) .
Electrophoretic study of the serum showed the smallest recognizable abnormality, a tiny component with a mobility of 2.6 lying between the gamma and beta protein boundaries. The urine contained 1-2 gm. of protein per 24 hours that gave Bence Jones coagulation reactions. Over 80% of the urinary protein on electrophoresis was represented by a globulin component with an average mobility of 3.0 (Figure 7 ). In the ultracentrifuge the urine protein sedimented as a single component, S2w = 3.24.
Case 27. E. P., C77475. This 51 year old woman had gradually become incapacitated over a period of six to 10 months by low back pain. X-ray films showed pronounced demineralization of the skeleton with innumerable small osteolytic lesions in the ribs, scapulae, clavicles, humeri, vertebrae, pelvis and upper femurs. A chest x-ray taken five years previously during an episode of penumonia showed, on review, definite osteolytic lesions in the ribs. Peripheral blood counts were normal. A bone marrow specimen contained 19% abnormal plasma cells. The blood NPN, serum calcium, phosphorus and alkaline phos--~i Electrophoretic study of the serum showed a tiny abnormal component with a mobility of 2 Electrophoretic analysis of the serum showed a large "M" protein component with a mobility of 2.3 present in a concentration of 6.1 gm. per 100 cc. A sharp peak was present in the adjacent gamma protein (Figure 5, T899) . The serum was studied in the ultracentrifuge at a concentration of 0.91%. In addition to the major component, which sedimented with a sharp boundary, there were two small heavier components and one lighter. The molecular weight of the major component was calculated at 120,000.
Electrophoretic study of protein from the urine showed that half of it was albumin (Figure 7) . A small globulin component, amounting to 18%, had a mobility of 2.3.
Case 33 . M. G. K., C92011. This 49 year old white woman had been ill for 10 months with severe weakness, paraesthesias in the extremities and anemia treated symptomatically with blood transfusions. During this time she had lost 16 lbs. in weight. Eighteen years earlier she had been found to have tuberculosis. This was treated with pneumothorax initially, and three years later with thoracoplasty.
On physical examination she was thin, pale and chronically ill. Hematologic studies showed a normochromic, normocytic anemia with the hemoglobin reduced to 8.1 gm. per 100 cc. The white blood count ranged from 9,500 to over 18,000, with a few immature myeloid cells present in the circulating blood. Bone marrow aspirated from different sites contained 10-38% abnormal plasma cells. X-ray films of the skeleton showed demineralization and scattered irregular rarefactions in the ribs, scapulae, humeri, and proximal tibia and fibula. The blood NPN was 63 mg., calcium 11 (28) .
The electrophoretic pattern of the serum showed no abnormal features. The urine protein amounted to 0.1-0.6 gm. per 24 hours. On electrophoresis over 77% of the urine protein was represented by a globulin component of mobility 3.1. There was no demonstrable albumin. Case 17. S. H., 93158. This 54 year old colored woman was admitted to the hospital for the treatment of congestive heart failure which developed after some 12 years of arterial hypertension. Bence Jones protein was discovered on routine urinalysis.
Examination of the peripheral blood showed normal values. The bone marrow contained 24% huge abnormal plasma cells. The blood NPN was 34 mg., serum calcium 9.5 mg., phosphorus 2.8 mg., and alkaline phosphatase 3.5 Bodansky units per 100 cc. The serum protein concentration was 6.S gm. per 100 cc. X-rays of the skull, thorax, spine and pelvis showed no bony abnormalities.
Electrophoretic study of the serum showed no definite abnormality. The urine contained about The electrophoretic pattern of the serum was normal. The urine contained no protein at any time.
To summarize the findings regarding protein abnormalities in this group of patients with multiple myeloma, abnormal serum components were recognizable in the electrophoretic patterns of 25 of the 30 individuals. In 17 instances the abnormal component migrated as gamma protein, with an electrophoretic mobility of 0.3-1.7, and in eight between gamma and beta protein, with a mobility of 1.9-2.6.
While many sera showed minor and probably non-specific abnormalities in electrophoretic pattern, increase in alpha globulins, irregular variations in beta-lipoproteins, etc., the essential abnormality associated with the proliferation of abnormal plasma cells appeared to be the presence of an unusually homogeneous globulin constituent in the serum. The sera of two patients contained two clearly abnormal constituents each. In Case 32, in addition to a large "M" component, there was a sharp peak in the gamma boundary ( Figure 5, T899) . In Case 38, a very large gamma component was present and a small "M" component as well ( Figure 5, T944) .
The quantity of abnormal protein in the serum ranged from the smallest amounts demonstrable by electrophoresis, 0.1-0.5 gm. per 100 cc., to increments as large as 6-9 gm. per 100 cc. Some individuals with little abnormal protein in the serum excreted as much as [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] That the latter differences in electrophoretic mobility were significant, considering the effect of different media and the presence of other proteins (29, 30) , was demonstrated by mixing serum and urinary proteins. In Case 7 the mobility of the abnormal serum and urinary components was virtually the same, 1.4 and 1.5. Protein from the urine was added to the serum and on electrophoresis both components moved together. In Cases 1, 29, and 4, the mobility of the protein from the urine was more rapid than that of the abnormal component in the serum. After Bence Jones protein was added to the sera, the two abnormal components separated clearly on electrophoresis, the urinary protein retaining a faster mobility (Figures 1, 3 and 4) . Finally, Bence Jones proteins of different mobilities, from different patients, were mixed together and subjected to electrophoresis. Urinary proteins from Cases 1, 7 and 29 had calculated mobilities of 3.8, 1.5, and 1.6, respectively. Approximately equal quantities of these proteins were mixed together. On electrophoresis, the two of slower mobility moved as one component, and did not separate after twice the usual time allowed for migration, in spite of the great difference in molecular weight (Table I) , but separated sharply from that of faster mobility (Figure 6 7, and 31, the latter having a mobility of 2.5, was subjected to electrophoresis. Each of the three proteins separated sharply (Figure 6 , T939).
Although Schlieren methods for measuring diffusion are of somewhat limited accuracy, the D20, w of abnormal gamma components present in high concentration in the sera of eight patients ranged from 3.1-5.0, with an average of 4.2. In two sera with "M" increments, D20,w = 4.9 and 5.0. The diffusion rate of human serum albumin under the same conditions was 6.8 i 0. 4. Abnormal gamma components separated from the sera of 13 patients were studied in the ultracentrifuge on 16 occasions. Normal gamma globulin was presumably present in many of these fractions but there was no differentiation in the ultracentrifuge. The sedimentation velocities were relatively uniform, S",w = 6.19 to 6.76 with an average of 6.46. The majority of the molecular weights calculated from the diffusion and sedimentation measurements were from 140,000 to 160,000. One gamma component appeared to have a molecular weight of 130,000 and another over 200,000. The molecular weight of an "M" component was calculated at 120,000.
The Figure  7) . Eleven of the gamma components which had been separated electrophoretically from the sera were tested for precipitation at a pH of about 5.5 when heated to 590 C. and for solubility at 1000 C. when acidified further with acetic acid and nitric acid. Gamma protein from three sera showed slight precipitation at the low temperature, but none dissolved well at boiling. All of the Bence Jones urinary proteins, with one exception, showed heavy precipitation below 590 C. when tested similarly. Slightly over half of them dissolved well at 1000 C.
DISCUSSION
The results of the above studies are in general agreement with early investigations of the physico-chemical properties of the abnormal proteins in multiple myeloma, thoroughly reviewed in 1948 by Gutman (12) . The serum increments vary in amount from those too small to appear in electrophoretic patterns of whole serum, up to 7-9 gm. or more per 100 cc. They range in electrophoretic mobility from slower than the average for gamma protein to at least as fast as that of beta. The abnormal serum proteins produced by different individuals with the disease thus vary in their net surface charge.
The components of slow mobility have a molecular weight comparable to that of normal gamma globulin. Those of more rapid mobility, studied in a few instances, may be of smaller molecular size.
Although the molecular weight of Bence Jones urinary protein is generally given as 35,000-40,000, one of the first three specimens studied had a value of about 70,000 (24) . Subsequent measurements of sedimentation and diffusion rates have indicated a considerable variation in the size of the protein molecule in different cases (5, 31, 32) . The molecular weight of the Bence Jones proteins excreted by our patients, usually between 30,000 and 60,000 with extremes of 24,000 and 90,000, is probably indicative of the extent of the variation in a representative group of individuals with this disease.
The extent to which the abnormal serum constituents in multiple myeloma represent Bence Jones proteinemia was investigated by Gutman and collaborators (4, 5, 12) . It (2) . Bence Jones proteins fall within the range of those readily filterable through the glomeruli (17, 18) . They may be found in the urine with or without albumin, which has a molecular weight of about 70,000 (33) . It is of interest that in our Case 29, a Bence Jones protein with a molecular weight estimated at 90,000 was present in the urine in a concentration 30 times that of albumin. Protein increments retained in the serum appear to have a molecular weight of 120,000 or more (2, 3, 5, 12, 31, (34) (35) (36) .
The relation of the abnormal serum components in multiple myeloma to Bence Jones urinary protein can be explained by a simple hypothesis consistent with our existing information. The proliferating plasma cells apparently produce a protein of abnormal homogeneity and of high molecular weight. Bence Jones proteins are abnormally homogeneous also, and their molecular weight is one-third to one-sixth that of the serum increments. As plasma cell growth in multiple myeloma is suppressed by urethane, and the concentration of abnormal protein in. the serum is reduced, the quantity of Bence Jones protein excreted in the urine decreases or may virtually disappear. The opposite changes occur during relapse. Although the plasma cells could conceivably synthesize more than one variety of protein simultaneously, it seems more plausible that Bence Jones proteins are derived from the serum increments, as a fraction of the larger molecules filterable through the glomeruli. The faster electrophoretic mobility of some of the urinary proteins would indicate an increase in surface charge coming about during the process of fragmentation. Where and how his occurs is a matter for further study. Multiple abnormal serum components, as illustrated in Figure 5 , might result from the accumulation in the serum of protein molecules of different mobility, still too large to be readily excreted into the urine. The great variation in the amount of abnormal protein demonstrable in the serum, or present in the urine, in individual patients indicates a considerable difference in either the rate these proteins are synthesized, or in the rate they are broken down. Fragmentary knowledge suggests a rapid synthesis and short survival (37, 38) .
The central phenomenon in multiple myeloma is abnormal plasma cell proliferation. In a high percentage of cases, but not invariably, this is accompanied by the appearance of abnormal proteins in the serum and/or urine. The type of protein abnormality varies from-patient to patient but remains qualitatively constant once it has developed (4, 9). The outstanding property so far recognized that differentiates normal from abnormal proteins in this disease is the remarkable homogeneity of the latter (39) .
Regarding the renal complication of myeloma, it appears to be reversible in some instances, and ordinarily non-progressive in those who respond well to therapy. It appears to occur in patients who are severely ill with the disease, rather than as a result of the excretion of abnormal protein (28) . CONCLUSIONS 1) The abnormal serum and urinary proteins in 30 patients with multiple myeloma were studied, many during different stages of disease activity, by methods including electrophoresis and ultracentrifugation.
2) Abnormal serum components, recognizable in the electrophoretic patterns of 25 of the 30 patients, varied from minute increments to as much as 7-9 gm. per 100 cc.
3) The electrophoretic mobility of the serum increments, 0.3-2.6, ranged from slower than that of gamma to that of beta protein, while the electrophoretic mobility of Bence Jones proteins, 24 ,000 (1 patient), 32 ,000-42,000 (4 patients), 45,000-52,000 (3 patients), 60,000 (1 patient), and 90,000 (1 patient). 8) Available information is compatible with the hypothesis that the small sized Bence Jones urinary proteins may be derived from the serum increments of high molecular weight.
